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Foreword

-The z'oniscope survey at Cape Kennedy, Florida, was au.thorized by

teletyTe from. the District Engineer, U. S. Arnny Engineer District,

Canaveral, Merritt lz!.and, Florida, dated 21 Apri! 1965, to the Director.

U. S. A.my Engineer Waterways Experimenit Station (IWES), Vicksburg,

Mississippi.

"The investigation was conducted by Messrs. H. T. Thornton, Jr.,

and R. V. Black of the .:S Concrete Division, with the assistance of

Mr. Joe Woodruft, Chief', Diatrict Labcratory, Canaveral District, and 7

'Mr. C' ;M. Stewart, Jr. This report was prepared by Mr. Thornton, 'under -'

the supervisiaon of Messrs. T. B. Kennedy, B. 1-Mather, and E. R. Mccoy, Jr.,

-all of-the "- Concrete Division.

Director of the VIES during the conduct of this investigation and

the preparation and publication of this report was Col. John R. Oswalt,

Jr., CE. Technical Director was Nr. J. B. Tiffany.
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Summary

Soniscope tests were conducted on concrete of Pad '39-A att Cape
Kennedy, Florida, to determi~ne whet-her cracke present in the concrete
were caused ~by placement ci' i~nferior quality concrete or by stresses
imp~osed on norimally good concrete. Compressive strength and pUlse
velocity tests were also conducted on 6- by 12-in, concrete cylindersI
made from a mIxture comparable to that used in Dad 39-A to aid inM

- determini~ng the -quality of the concrete.
The tests revealed that the concrete is of~ generally good toI

e xcelllent quality and, that the cracking-was-caused by stresses of an

unidet'ermi:1ned nature.
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_ I
SONISCOPE SURVEY, PAD 39-A, CAP~E }MNIEDY, FIOR~IDA

Introdluetion

Purpose

L 1. The puilos t of this invest!igation was to exam'r concrete inAl
areas of' Launch pad 39-A, as directed by Cape Kernedy personnel, to

r determine the gener-0l quality of the concrete used in. the structure, and

to tr~y to determ~in. if the cracking in the structure was azsociated with

in-fetrior quality concrete.

Test ec upnt

S.* The equipýment used in this survey was similar to that c?.escribed -
in C1RD -C 51-57.* The soniscope is an insti'ument that transmits pulses ý

ofutrasonic waves through -a material -and electronically mieasures the

time of' travel -rmthe transmitter to a receiver while, each is held -

agýainzt thbe surface -ofr the ýmaterial -a known di-stance apart. -The velocity

t~hroueh the material is computed f~romn the time of travel and the 'path

length. -This velocity provides ant index to the condition, or quality, of

conc-re-te through which the readings are taeTegeneral rule of thunb, -
used is. eoiy ip ult

Abxre 1-5,000 - Excellent

J.2,000 -t6 15,"00 90 Generallyj good

7;0-,000 to 12,000 Questionable -
'.D30 to 2.0,000 Generalby poor

1ao 000 Very poor

Procedure

3.The Dro- edure outlined for the investigation of ppad 39-A -waas

as f'311ows:

-a. Tak velocity measurements thfrough several nections of A
ann rently undamag .0 4 ed concrete to establishn a representative
Vol-ceity for the- gcood concrete..

SU. S. Army FE% ineer Waterways Experiment Station.. CEE. rmndbock.k :-for
Cuncrete ana Il t4n . with quar erly suppleents (Vicksi'urrg, 3 ss.ý
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b. In all areas, note any significant deviation. in velocity
which vould in-Iicate inferior quality concrete. 2

a, Take velocity. measitrements in Areas wuhere damage is evi-w
denced by cracking.

d. Tryj to determine if the apparent damage was caused by
placement of inferior quaality concrete or by stresses
imposed on normally good concrete.

E. stablish a correlation between pulse velocity and.-compres-
sive strength by determining these two properties on severall
6- by 12-in, cylinderS made from a znixture comparable to H
4-hat used for the concri3te in pad 3-A.

Tests and Results

Field tests- U
h. A total of 121.3 veloc~ity measurements, were made in eight areas

of' -nad 19-A. Of this number only316 -velocities were below 14,000 fps,.and

a-' of those were -measured in areas where damage due to cracking g~as

evident. The areas where tes-ts were perfo~rmed and the data obtained are

described in the following- pairagraphs.

5. West -wall- of ECS -building.

a.North end near ceiling. All readings in this, area -AereI
taker, diagonally through tile wall from station 1 (plate 1)
on the east face to stations located onlie we.tfc, o
the wall. The path of each reading passed through concrete-
in which damage by cracking was appatrefit. One measurement
which produced a velocity of -15,24r- ips sepmed to be -I
cifc-cted very little '4y the one crack in its path. Hbwcvar, A
the othiet -ight read~ings in this area ranged between 12,03-0
Is and "too poor to 'read," thus shoawing the drar-tic e-ffiect
that, craA.Yiniff can have on pulse velocity. Result's oftct
in this area are given in plate 1.

b. Just- south-of area discussed above. A total of 36 mea-sure-
ments were talken in this area (TIE~e 2). -Six of these were
taken straignt through the wal)l, and 30 were taken diagonally
from Cations on the west face to stations on the east !ace.
Tibe sxstraight 4 houg readings aveae 15,~400 fps. 4,bst
of -the diagonal readings were taken through- cracWked. areris
and consequiently showed velocIt~ies- below 15A-00O -fps- How-

vesince only six velocitieswrebow1,0fp d
the lowest of these waz 10,295 Jfps- the effect of cracking
on velocity in this are-a does nof seem to be drastic. Thr<-c
of the stations on the swest face of the wall -were located in
palced areas, but. the patches seemed to have very U1ttle,

if anyv, efftat on velocit-i(s. Results otf tests in t~his area.
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C. Between-roll-upk door-and-large opeving. Four readings were
taken through the section of wall between the roll-tip door

these raig, taken through the undamaped area, pr~oduced

taken thrmugh the cracked area gave velockiles of 10,770
ani 12,1425 f)pS. Plate 3 shows results of tests iin this
area.

di 'Soulth end. Thirty-two measurements were made bis this area
of the west -wa-ll 'plate hý. Fifteein straighit-through
readings averaged :14 ,570 4m. Ofthe eten diagontal
readings taken, the --dx which WI i 'ot eross' - :-aeks aveýraged
14-,835 fps, and the l1 mwhitch crossed ciacks averpamed 1.4-;270
fps. The hakrline cracks in this areit had. v'eryr lit~tle
effect on vplocity.

*6. _Rcof -adjacent -to west wall -of ECS Imuildi-ng. Fill dirt was

excavated from fthe roof at four sites adjacent to the west wall. Sta-

tions A, - , C, -1And -D wc-re located on the tapside -)f -the rooi, -one at,

each of -athe f~our -excavalted -situez. St&tionZ teariqnU thle Sarno letters (Ai
an- -rethen docted on the wdersde Of the _--oo dfrec~t3:y

benat te oursttinson the tor. Tr- -ah these stations on the

underside of the roof, -an array of -pointls was established and. numbered
orthe pu-.,oze of explo-ring the surrounding con'~ev- -ta -eies -of

diagonal measurements fr-Vom tbe station on top to t~he station anti 'points

ueret.Fg- I. shows -the location of te Tour 'etatl-ons on the

unenet, K t
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rooftop, Plates 5, 6, 7, and 8 show the locations of points around each of

statiOns -, C • .4-- D on the underside of the roof. Thee plates also

Give the r m' ts of tests at- each of the fonir sites. There was o apparent

crA:' ng ip ý be vicinities of ftatiobs A and D, nor did the velocity

measurements reveal anything undsual. Tie areas around stations B and C

di d zhaw some craekrina, - nd the results obtained at these b.o sites are

-iscussed ocelow.

a. Station B_ The roof- in the vic' i-y of station B was cracked
sn geveral places (plate 6). MTe straight-through reading

suxwed a -'elocity of l6,6I$. fps. The remaining seven readings
produeed- ocitis between 1512,5 and 12,415 i's. Lower
ret'.tjgs ,-ere ebeta½inel - the number of cracks in the path of

S-the aijna1 increasedi

So. Statb C. There was only one- visible drack in the Vicinity
Sof station C (plate 7). The four velocities which were
sign• s'ia -y -,ower than the others were apparently affecged

-by thi; crack. The remaining velociities in this area were
•i -in io! -and nothing-iinumial was -.;ndicated.

-laborftorY tests2

7. 'Si•-deenI Z- by 12-iin. concrete '"-limders were tested for ýuise

v•ocity- and, tblen broken in ccppression. The cylinders were made from

Samples of concrete Vsed in several a-eas of -ad 39-B, which was comparable

to the concrete used in pad 39-A and twas proportioned to have a compressive

strengthi oý _3.0O) p-si g-t 23 days age. Six of the specimens had Aom.russive

Ltrengths -rang! between 27C5 and 3810 psi at 7 days age and v-elocities

rang~mr, bet. %"-~n =-,~Qed- i4s-57.9 4s. The wremaining ten sp~ecimens had

.re~ssi.,e s~r•.ts reaging between 33C50 and 5310 nsi at. 28 days age
-ad velo-sittes b-•.-. L3,975 abnd !6,1.5C i-Ps. The data on these snecimenv:

S•nr .sho !--. in the foI ot;ing tabulati r..

lerc Age28 Tis ME~
Specimen CG•._sr- ie Velocity Speciraen Compressive Velocity

0. - 2•rerah -jk Si -N ength, I;, L

59-A 2W 13,785 3'-D- 5310 15,O -0
59-B- 132600 _30-mE 14 4 5 16,4,-5o

5~C13-,78q5- :k1ý943 15,9140

-- 60-B ! ~14-,365 B.. - 47OO -4,365

14985 114,165,28-A - 3350 13,975

4380- 13,9775
- 28-C 141-5 13.975

.,-_--- --- -
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Using the data given in the preceding tabulation, a. ])uot of compressive,

strength versus pulse velocity was made man the least-square2s straigh-t

line was !alculated (.ig. 2).

F 0 AI" 'U f U 4

I aA
LEGEND-'

Sr 0 ' ~ Jk "C1Rs"-

Iz co to~a WLW SAl~(

Fig. 2. Compressive strength versus, velocity for 6- by 12-in. c' na

Vomclusi~ons

"3. The velocities measured in the areas of' undamaged concreteC

ran:1g-ed generally between 12,000 and 16,000 fps. dhs eoiis int a

-neral godt xeletqaity concrete. OT bLe 1113 velocity mcptsua- i
mv:cnts made at pad _39-A, only -36 were belcw 14,000 Ifns. AllI of these * I
were riade across or in the vieinit7r of damaged concrete.

9 Rnsultk,; obtained from the conporessive stfr-ength-p-ulse velocity --

"tes~ts perforn115ed on the -6- by 12-in, cylinders wh' eh were made from a

cocrtemitu" ztarable to tha *.Led-c i n Da 7-'rt -A indicatto thatavjc
Lt f h00 'crejpresents a icsinre-ssve str--n,-U of at- leanst, >-000 psi.

S ~~10. Since examinat-ion oboiff er~altsspromast
to iniate thath unw Ag cocete in theý are-az hestc? in, of" generailly

~cdto excell11ent vaualiy (eompress'iie satrengtUh of -A. 1-ast \OWC; psi). it-I
.'.Yn.~~ifl tatthe zrai i thte stru!'cturie w-.- . u- c tv a-trCesse- i-4

-a, undeterminel nture.-

JýI



It A;

24OO OTTONA THROUG14 9A

ARE ON WEST FACE
STATIONS ARE REFEIQENCED

9A *A 3. 7 VROM CORNER OF DOO~R.

-CRACKS VISIRLS
FROM 95OTH SIDES r

0OO0 IJPENING
INTO SMALL ROOM

LOOKING WEST,

I-PAT"
STATION LENGf N. VELOCITY.

NU:MBER REWAFPS

I-TO IA Is as0
Ito ~2A J5.s

1TO 7A 7-20 ~ 25

NoeALREADiF4GS %%EE 1AVC DAGCMU&ýLy IttROUG-

STATION LOCATIONý AND
PULSE-VELOCITY= DATA-,__

NORTH- END-OF WEST WALL
-ECS BUILDING

M,-.



CEILINGr 5 0 Or
3 STATIOlN REWERENCE

LARGE OPENING;
IN W~ALL

LOOKINC.-WEfT
-NCYE- STATIONS ITH4ROU~w 20-Ame LOCATiW Om- EAsTýFAcc,

-STATIONS -A A A iA4O1AAEO ETFACE OPPOSITE
STATIONS 1. Si-*. 11. &M4O MA ,ESPEC7'IVFLY.

STATIZU 138 IS LOCATED ON-80TH FACES FOR A STRAAOHT-THflOdH READING.

wrTAIONs IA. -111. AND-t7A WeRIE IN A PATrCHED £.-AF

STTIOmNS ARC ottr.ERENCEO rRcm CORNER OF LARUZZ OPENING I- A AI.L

.~. - IPATH TworcTiioN OF IPAT" ~ DIRECTIOP; Or
STATION- LENG'YM;- WELOCITY. READINGS $ATION I LENGY" VELOCI1'Y, REALI:N-s
NU~eER- FT j FPS THROUGH WIAIL NUMBER FT rps ITu4IOUG" *ALL

tTO7 IA 1.50 14,70S STRAIGHT $ A TO It 4.27 13.555 DIAGONALA
IA T02 2.50 15.150 DIAGONAL II 9A To t2 6 18 13,735 OGAGONAL%A TO 34.2 61 1.61 DIAGO-4AL* sk O 7.31 14,390 DA- L

tATOS 4 13.GM CIG84L*90T 475 j!4.11S DIAGONAL'
IA TOS 2,50 13,890 OtAr.ON'L DlA TO Zo 7.31 j10.295 DIAGO.-4AL*
IA TO6 3_17 m4.09 OlAGQNAI.- SA TO 18 4 75 1 2,100 DIAGONAL'
IA TO 7 4.71 1 t.955 -DAGONAL' 13 TO 13A 1.50- 1S.62S jsTpAltmT

CIA TOO 63 i2 13,960 t)IAGONAL, 13A TOJ 14 2.30114.705S D IAGONAL
S TO SA 1,50 14,650 STRAIGHT 13^ TO IS -4.27113.34,1 DIAGONDLA

SA TOG6 2.30 I4.SSS DIAGOPIAC- 134 TO 16 6,15 16,04tj DIAGONAL.
fSA TO? 4.2? 13.430 0IAGOPf-AL . 138 TO 1-I M 4. 7S 11.390 AGALSA TOO 6.16 13.675iAsA* ST 7 1,3 :6 130 Tl(H

54 TO* 2.50 14.79s DIAGONAL 11 TO 174 1."- Most $I SAIGHI

St TO It 4.71 - 12.695 DIAGCNAL* 174 TO 19 4 27 1 4.140 DIAGONIAL.
SATO 13 t.52 [ 13.410- OIAGOWAL 18 O 0 s 14.47!, -DIAGONAL-

To 934 .So,5 15.150 S.' .. GT 1AT s14i 14,39S CIAGONAL'

VSA TOIr 2.5d 1453 DIAGONAL- 17A TO 16 j 132 1 14.620 DIAGONAL-

ACRlOSS-.CRACK~ READING,

STATION LOCATION AND
PULSE VELOCITY -DATA,-

-WEST -WALL. jUSrSOUTH
-OF AREA It-4 PLATE I j

ECS BUILDING

J.ME



STATION 2

STATION 3 STATION I

CRACK~S

ROLL-UP flOOR

7 LOOKING -WEST

N4OTV.: STP TIONS I AND 3 ARE LOCATED lot CENTER4 OF S;OtTsH FACE OF OPENING
INTOSS~D4 R OTO~ CENTCR OF 1:ORTui *ACE OF DOOR

PATH
STI.IION LEtfGl". VELOCITY,
NUMBOER FT FPIS RCMARIKS

I TO3 j 4.92 12.425 THROUGH CRACXS

I I TO 4 5.30 10.770 THROUGH CRACI(S s

2T0 57n 14.610

STATION LOCATION AND
I PULSE VELOCITY DATA,
I WEST WALL BETWEEN-I- POLL-UP 00OGR AND

LARGE. OPENING
-I ECS BUILDING

'13

-~~~~~~~ 7z~---- ~ ~ '-.--

-- sa



H---P

-'22- SLEEVE

V 6SLEEVE

C12 '-CRACKS VISIGeJE ON BOTH4 FACES

00O$XING EAST j

NOTE- STATIONS I T4ROUO.4 15 ARE LOCATE ONi ou EST FACE-
IDENTICALLY- LOCATED STATIONS 014 EAST rACZ ARE NUMBERED -

IA THROUGH ISA.

STATI&IS ARE REFEREIMCEO FROM NORTH4 SIDE OF 22-04N;SLEE /L.

STAT0OX LENGTH. VELOCITY. STATION jLNT. VLCT

____ 5 W P'TUBE TPPS REMARKS NUMBER FT ~ F PS REMAAROCSJ

ITO *A j.5 02 1.50 &SAj 3103A . TO 10.
TO0 ZA 1 s 1410 T O jI 1.50 14.285 ___

4TO io 1.50 14~4 ?TO AL 2.50 -4.705
5 TO SA 1.50 14.l50 a TO -A 5.1 4 w4

06 TO. *.s0 I 1.Is*-- 97 To A 522 1 3.9'S.t

3j T &A REAsSt .9-1 3 ___ ~7U13A 1.5 1S3540

S1 9 1.4 aTO tON LO ATO N ANDs

ISO 4.26 I T1 SA

ST-1N LOCATION AND--
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WEST-WALl-.

-PLAN

NOTE: -STATION A-WAS MARKED ON TOP AND 0ON-UNDERSIDE, OF RO0'>F.

STATIN THROUGH-7 WERE I.OCATED ON JNDERSIDE OF ROOF.

THERE _WAS Nib VIStaLE DAMAGE IN HIMS-AREA.

I-PATHf
ST1ATION -LENGTH. VELOCITY.
NUMBER__ FT_ -FPS -REMARKS-

A TO-A-I 2.50 16.025 I
A ro-' -3.54 - 5.0O00-

A TO:2 3.54 -15;130 " -
A TO-3 3.54 - 1.8.7S

AT04A 3.S4 t4.93i
A3.54 -3.S415.130

ATG 3.54 - 15.260-
A O7 3.54 1ý.325

THE ROOF.

SDENOT5S DIAGONAL PZADiNGS TAKEN FROM STA-
TION A ON TOP TO P'OINTS ON UNDERSIDE -OF THE

S TATIO0N LOCATION -AND
P ULSE VELOCITY -DATA,

STATION A ON -ROOF
ECS BUILDING
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WEST WALL

PLAN-

NOTE: -STATIO 86 _WAS MARKED ON-TOP AIID ON UNDERSIDE
-OF THIE ROOF;
STATI'NS ITHiROUC14-7 WERE LOCATED ON UNDER-F SID: oF HE-ROOF.

a TO_ 1 3.24 15.2es
8 TO.;Z S.24 1.4
6 TO3 ý3.24 I523
0T04 3,14 13S5 '*.It7

9:1105 ý3.24 13".tt
8 TOG 1.5410
8-TO7 -.9 12IS*s

-DENOTES VERTICAL READING STRAIGHT
TmpOUGH ROOF. I-

SDENOTES DIAGONAL RADINGS TAKEN FROMj
STATION U 'ON TOP TO-POINTS ON UNDERSIDE -
ýOF THE P3OO

-t ACROSS-CRAC$K READIN4G.
It -READING TAKEN -ACROSS TWO CRACKS.

4RE1AOU(G-TAKC04 -ACROSS THREE CRACKS. -

STATION LOCAT16N AND
-PULS.E VELOCITY -DATA:,

STATION -8 ON ROOF
-B~ UILDING

V-~
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__-NOTE: STATION C-WAS MARKED ON TOP AND ONUDRSD6FTHOF

S TOS -THROUGH B WERE LCTDON-UNDERSIDE OF THE ROOF. -

-STATION LENGTH, VELOCITY.

NUMBER FTFS REMARKS

C-TfU C -2.50 1.25J

_C TO1 3.24 IS.92S
C-TO 2 -3.24 I i.s
-C-TO 3 3.24 is5~4
-C To 4 -3.-24 15.351

C4T .72 I 1~0

5.15 13,300

C O7 5_.15_ 14.070 A-

*-DENOTES VERTICAL READING STRAIGH4 THROUGH

THE ROOF.

SDENOTES DIAGONAL READINGS TAKE24 FROM STA-.
TION C-ON TOPTO POINTS ON UNDERS!DE OF THE
RlOOF. -

I AC146SS-CPACK READING.

STA TION LOCATION4 AN D
-~PULSE VELOCITY DATA,A

STATION C ON- ROOF
ECS BUILDING

PLA~DA
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WETWL
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NUMBEREST WAMAR.

-~~~~~~ TO!R W4 3.O VISBL D MAG NTI RA
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-~~US VEOCT DATEA, PS RMAK
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